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1
LIGHT GUIDED ALIGNMENT FOR
SEMI-AUTOMATED SEAL APPLICATION

FIELD

The described embodiments relate generally to installing a
component to a device. In particular, the present embodi-
ments relate to aligning the component with an inner portion
of'an electronic device for installation of the component, and
testing to ensure proper installation of the component once
installed.

BACKGROUND

Proper installment of components in an electronic device
generally leads to better overall performance of the electronic
device. In order to properly install components in several
electronic devices on an assembly line, it may be necessary to
automate the process. One automation process includes a
camera system having a charge-coupled device (“CCD”)
camera or a complementary metal-oxide semiconductor
(“CMOS”) camera used in conjunction with a software pack-
age configured to detect placement of components on the
electronic device. The camera system may, for example, cap-
ture an image of the component on the electronic device and
use the software package to compare the image with an image
of a properly installed component.

However, camera systems are relatively expensive. Inaddi-
tion, several manual hours may be required to operate the
camera system. For example, an operator must be properly
trained on how the camera system works. Also, the camera
systems may require proper alignment at all times which may
be difficult in an assembly line. Realignment may also cost
several manual hours. Also, variations in lighting within the
assembly line may reduce the ability for the camera system to
function in the desired manner.

SUMMARY

In one aspect, a method for aligning a component for
installation in a housing of an electronic device is described.
The method may include shining a light from a light source
through an aperture of the housing, the light having a central
portion. The method may also include actuating a fixture, the
fixture having the component and a light sensor, along a first
direction such that the light sensor detects the light. The
method may also include aligning the light sensor with the
central portion of the light.

In another aspect, a method for testing for proper installa-
tion of a component to a housing of an electronic device is
described. The method may include transmitting a sound
through an aperture of the housing, the sound originating
from an outer portion of the housing. The method may also
include transmitting the sound through an aperture of the
component and a chamber of a fixture. The fixture is sealed to
the component. The method may also include determining
whether a portion of the sound is detected in an area proxi-
mate to an interface region of the housing and the component.

In another aspect, a fixture on an assembly line for manu-
facturing an electronic device is described. The fixture may
include a first portion having a first cavity; the first cavity
extending to a first opening on a surface of the first portion.
The fixture may also include a second portion having a second
cavity extending from a second opening on a second surface
of the fixture to a third opening on a third surface of the
fixture; the second cavity is substantially perpendicular to the
first cavity and configured to receive a protrusion. The first
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cavity may include a cross sectional area substantially similar
to a cross sectional area of an aperture of a component to be
installed on the electronic device, and the fixture may be
capable of rotating around a longitudinal axis of the protru-
sion.

A fixture on an assembly line for manufacturing an elec-
tronic device is described. The fixture may include a first
cavity extending to a first opening on a first surface of the
fixture. The fixture may also include a second cavity extend-
ing from a second opening on a second surface of the fixture
to a third opening on a third surface of the fixture. The second
cavity is capable of receiving a protrusion that actuates the
fixture. The first cavity is smaller than an aperture of a com-
ponent, the component configured to be installed on the elec-
tronic device. The fixture is capable of rotating about a lon-
gitudinal axis of the protrusion when the second cavity
receives the protrusion.

Other systems, methods, features and advantages of the
embodiments will be, or will become, apparent to one of
ordinary skill in the art upon examination of the following
figures and detailed description. It is intended that all such
additional systems, methods, features and advantages be
included within this description and this summary, be within
the scope of the embodiments, and be protected by the fol-
lowing claims.

BRIEF DESCRIPTION OF THE DRAWINGS

The disclosure will be readily understood by the following
detailed description in conjunction with the accompanying
drawings, wherein like reference numerals designate like
structural elements, and in which:

FIG. 1 shows an isometric view of an embodiment of a
system used to align a component in an electronic device;

FIG. 2 shows an exploded view of an embodiment of a
component near an embodiment of a housing of the electronic
device;

FIG. 3 shows a dimensional comparison of an aperture in
the embodiment of the component and an aperture in the
embodiment of the housing, both of which are shown in FIG.
2;

FIG. 4 shows a cross sectional view of the embodiment of
the system shown in FIG. 1 with a light source shining light
into the housing;

FIG. 5 shows a cross sectional cutaway along the 5-5 line in
FIG. 4 showing an embodiment of a light gradient created by
the light source;

FIGS. 6-9 show an embodiment of the light sensor, fixture,
and component traversing in the y-direction to find the central
portion (or local maximum) of the light source;

FIG. 10 shows a flow chart of an alignment process in
accordance with the described embodiments;

FIG. 11 shows a top view of an embodiment of a fixture;

FIG. 12 shows an isometric view of an embodiment of a
system used to test for proper installment of a component in
an electronic device;

FIG. 13 shows a cross sectional view of the embodiment of
the system shown in FIG. 12 with an audio speaker emitting
sound into a chamber of a fixture;

FIGS. 14 and 15 show cross sectional views of improper
alignment of a component on an electronic device;

FIG. 16 shows an alternate embodiment of a system used to
test for proper installment of a component in an electronic
device; and

FIG. 17 shows a flow chart of a testing process in accor-
dance with the described embodiments.
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Those skilled in the art will appreciate and understand that,
according to common practice, various features of the draw-
ings discussed below are not necessarily drawn to scale, and
that dimensions of various features and elements of the draw-
ings may be expanded or reduced to more clearly illustrate the
embodiments of the present invention described herein.

DETAILED DESCRIPTION

Reference will now be made in detail to representative
embodiments illustrated in the accompanying drawings. It
should be understood that the following descriptions are not
intended to limit the embodiments to one preferred embodi-
ment. To the contrary, it is intended to cover alternatives,
modifications, and equivalents as can be included within the
spirit and scope of the described embodiments as defined by
the appended claims.

In the following detailed description, references are made
to the accompanying drawings, which form a part of the
description and in which are shown, by way of illustration,
specific embodiments in accordance with the described
embodiments. Although these embodiments are described in
sufficient detail to enable one skilled in the art to practice the
described embodiments, it is understood that these examples
are not limiting; such that other embodiments may be used,
and changes may be made without departing from the spirit
and scope of the described embodiments.

The following disclosure relates to aligning a component
within a device (e.g., a tablet computer, portable electronic
device) during an assembly process, as well as testing to
ensure the component is properly installed. The component
may include an acoustic seal. In one embodiment, the assem-
bly process may include a fixture attached to a movable table,
both of which are proximate to an inner portion of a housing
of'the device. The fixture may be configured to rotate at least
partially around an axis. A light sensor may also be positioned
within a chamber of the fixture. The component and a release
layer may also be positioned on an outer surface of the fixture.
Light from a light source passes through an aperture of the
housing of the device to the light sensor. The movable table
may move the fixture in multiple directions allowing the light
sensor to determine the area of highest light intensity (“local
maximum”) of the light source. The light source is positioned
such that the local maximum extends through a central por-
tion of the aperture of the housing. Using information from
the light sensor, the movable table may move the fixture, and
accordingly, the component, to the local maximum. The fix-
ture may then move in a direction toward the inner surface to
install the component.

In another embodiment, an acoustical test ensures a com-
ponent is properly installed. The component is attached to an
inner surface of a housing of a device, and configured to
extend around an aperture of the housing. A pressure sensitive
adhesive (“PSA”) may be used to attach the component to the
housing. An audio speaker is placed on an outer portion of the
housing. A microphone may be attached to a fixture substan-
tially similar to the fixture previously described. The acous-
tical test may be performed by emitting sound from the audio
speaker and through the aperture of the housing, an aperture
of the component, and into a chamber of the fixture. If the
microphone does not detect the emitted sound, the component
is properly installed. If the microphone detects the emitted
sound, the component is not properly installed. The acousti-
cal test is generally performed during early stages of the
assembly. Thus, if improper installation is detected, the hous-
ing may be discarded from the assembly process with mini-
mal assembly rather discarding a fully assembled device.
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Also, this combined test and assembly step is at least one less
step used to assemble the device which may contribute to
lower manufacturing time and cost.

For purposes of clarity, the term “longitudinal” as used
throughout this detailed description and in the claims refers to
a direction extending a length or major axis of a component.
Also, the phrase “acoustically sealed” as used throughout this
detailed description and in the claims refers to two structures
engaged with one another such that sound cannot pass
through a portion where the two structures are engaged.

FIGS. 1-4 illustrate a portion of an assembly station for
assembling device 100. The device 100 may be a device such
as a tablet computer, mobile telecommunications device (for
example, smartphone), or portable laptop computer. FIG. 1
shows an isometric view of the assembly station having fix-
ture 110 configured to attach a component to housing 101 of
the device. The component may be an acoustic seal config-
ured to prohibit dust or other contaminants from entering an
aperture of device 100. Generally, fixture 110 may be any
structure used in an assembly process capable of affixing
small components to a device 100. In some embodiments, the
component may be a button. In the embodiment shown in
FIG. 1, fixture 110 is configured to install a component, or
microphone seal (discussed later). Also, in some embodi-
ments, fixture 110 may be made of plastic, metal, or a com-
bination thereof. In the embodiment shown in FIG. 1, fixture
110 is made of aluminum. Also, fixture 110 is generally
“L-shaped” but could be any shape in order to achieve a
desired result, such align and install a component and/or
provide an installation test (discussed later). In this case,
fixture 110 is designed to traverse on the assembly station
such that first aperture 122 of fixture 110 engages an aperture
(shown later) of housing 101.

FIG. 1 further shows an enlarged view of fixture 110 having
chamber 120. For purposes of clarity, some structures in the
enlarged view are removed. Chamber 120 is a cavity within
fixture 110 extending from one end inside fixture 110 to first
aperture 122 located on lateral surface 114 of fixture 110. In
some embodiments, first aperture 122 is a cylindrical shape.
In the embodiment shown in FIG. 1, first aperture 122 is
generally rectangular. Generally, first aperture 122 is
designed to have an area larger than that of an aperture of
housing 101. This will be discussed later in detail. Chamber
120 is generally of a dimension similar to that of first aperture
122 throughout chamber 120. Also, chamber 120 is config-
ured to receive light sensor 130 used to align fixture 110 (and
ultimately, the component) with the aperture of housing 101.
Light sensor 130 may be a photoelectric sensor, or any other
device configured to detect light from a light source external
to housing 101 and determine the light intensity from the light
source. As shown in FIG. 1, light sensor 130 is attached to a
top portion of chamber 120. Fixture 110 further includes
second aperture 124 on top surface 116 of fixture, and cavity
126 extending from top surface 116 of fixture 110 to an
opening of chamber 120. Cavity 126 and second aperture 124
allow light sensor 130 to electrically connect to a power
source and/or an input module of a controller or program-
mable unit (not shown) via conductive element 132. In other
embodiments, conductive element 132 may extend through a
cavity (not shown) to electrically connect with the power
source, controller, and/or programmable unit.

Also, fixture 110 includes pinhole 112 configured to
receive column 170. Column 170 passes through fixture 110
and support member 171, and is attached to a movable table
(not shown) configured to move in both a horizontal (“x”)
direction and vertical (“y”) direction. Column 170 and sup-
port member 171 may also be rotated by the movable table
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around longitudinal axis 180 of column 170. Accordingly,
fixture 110 may also move in the same directions as column
170 and support member 171. Advances in drilling tech-
niques allow for high precision in forming pinhole 112 such
that when column 170 engages fixture 110, fixture 110 is
configured to have relatively low tolerances. In other words,
there is little unwanted movement of fixture 110 with respect
to column 170.

Release layer 146 is configured to detach from lateral sur-
face 114 once the component is installed on housing 101. A
first surface of release layer 146 is attached to lateral surface
114 of fixture 110. A second surface (shown later) of release
layer 146 may be attached to the component to be installed on
housing 101. Also, when the component is installed, release
layer 146 is further configured to detach from the component.

FIGS. 2 and 3 illustrate the relationship of housing 101 and
component 140. FIG. 2 shows an exploded view of compo-
nent 140 having first portion 141, mesh portion 143, and
second portion 144. First portion 141 includes recessed por-
tion 142 and second portion 144 includes a recessed portion
(not shown), both of which are configured to receive mesh
portion 143. Accordingly, some of the dimensions of mesh
portion 143 are less than that of first portion 141 and second
portion 144. Also, first portion 141 further includes aperture
151, second portion 144 includes aperture 154, and release
layer 146 includes aperture 156. Also, as shown in FIG. 2,
aperture 151, aperture 154, and aperture 156 are generally of
the same dimensions. Also, although aperture 151, aperture
154, and aperture 156 are generally rectangular, these aper-
tures could embody a different shape such that the apertures
maintain dimensions larger than that of aperture 103. Refer-
ring to FIG. 3, aperture 151 includes length 157 and width
158. Aperture 103 of housing 101, on the other hand, is
smaller than that of aperture 151. In particular, aperture 103
includes length 105 and width 106 that are less than length
157 and width 158, respectively. This allows aperture 103 to
be positioned within aperture 151, or conversely, for aperture
151 to extend around aperture 103 without directly contacting
aperture 103. The smaller cross sectional area of aperture 103
as compared to the cross sectional area of aperture 151 allows
a pressure sensitive adhesive (“PSA”) (not shown) to be
applied to a surface of first portion 141 that faces housing 101
such that first portion 141 adhesively attaches to housing 101
without first portion 141 contacting any portion of aperture
103. It should be noted this alignment is preferred in the
assembly of the device.

Referring again to FIG. 2, mesh portion 143 made of a
generally porous material. This allows light and/or sound
waves to pass through mesh portion 143. Despite the porous
material, mesh portion 143 is configured to prevent certain
contaminants (such as dust or liquid) from entering the
device. Also, mesh portion 143 may also contribute to the
acoustic performance of the device.

FIGS. 4-10 illustrate the alignment process for component
140 onto housing 101. In FIG. 4, light source 190 directing
light toward aperture 103. In some embodiments, light source
190 is alaser. In other embodiments, light source 190 could be
an infrared light source. Still, in other embodiments, light
source 190 could be of a particular color (such as visible red).
These embodiments may be useful in order to allow light
sensor 130 to accurately detect light from light source 190. In
the embodiment shown in FIG. 4, light source 190 is a colli-
mated white light. In other words, the white light emits sev-
eral light rays, some of which are generally parallel to each
other. As shown in FIG. 4, only a portion of the light from
light source 190 may reach light sensor 130. The alignment
process is configured such that aperture 103 trims or clips
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some of the light while allowing some of the light to pass
through aperture 103. For example, light ray 191 contacting
housing 101 may be reflected by, or absorbed by, housing 101
but does not pass through aperture 103. Light ray 192, how-
ever, passes through aperture 103. Light passing through
aperture 103 may also pass through the aperture of compo-
nent 140 (that is, the apertures of the portions of component
140 as well as mesh portion 143) and through the aperture of
release layer 146. This light may be detected by light sensor
130.

Light passing through aperture 103 may be having a higher
intensity in some portion as compared others. In other words,
the light may be brighter in some areas than in other areas. For
example, FIG. 5 shows light gradient 210 taken along the line
5-5 in FIG. 4. In some embodiments, the light source and the
aperture are configured to form light gradient 210 of several
intensities. For example, light gradient 210 may include first
intensity 211, second intensity 212, third intensity 213, fourth
intensity 214, and fifth intensity 215. The light intensity of
light gradient 210 is highest in the center of light gradient 210
than the outermost region. In other words, first intensity 211
has a higher light intensity than that of second intensity 212,
and so on. Also, first intensity 211 may also be referred to as
a local maximum of the light from light source 190. Gener-
ally, first intensity 211 is at the center of the light and also
corresponds to the brightest component of the light.

Light sensor 130 (shown in FIG. 4) is configured to detect
all intensities of light gradient 210. Also, light source 190
(shown in FIG. 4) is aligned with aperture 103 such that first
intensity 211 having light ray 195 extending through a central
portion of aperture 103. Accordingly, when light sensor 130
detects first intensity 211, light sensor 130 and fixture 110
may be properly aligned with housing 101 and/or aperture
103. Also, fixture 110 generally has low tolerance require-
ments not only in a rotational direction, but also a vertical
direction. For example, FIG. 4 shows component having lip
portion 10. Component 140 must be installed without con-
tacting lip portion 10. As such, it is critical to avoid unwanted
movement in the y-direction. Therefore, aligning fixture 110
with the local maximum of light gradient is important to
ensure that component 140 and/or fixture 110 do not contact
lip portion 10 of housing 101.

FIGS. 6-9 illustrate fixture 110 traversing in a first direction
relative to light gradient 210 in order to align component 140
with the aperture of the housing. In some embodiments, the
first direction is in the x-direction. In the embodiment shown
in FIGS. 6-9, the first direction is the y-direction. Light sensor
130 may be configured as an input device to a controller (not
shown), such as a programmable logic controller (“PLC”).
Also, light sensor 130 may transmit current (on the order of
milliamps) to signal the light intensity read by light sensor
130. For example, a low current transmitted by light sensor
130 corresponds to a low light intensity, and a relatively
higher current transmitted corresponds to a higher light inten-
sity. The controller may be configured to read the light inten-
sity readings from light sensor 130 (for example, by convert-
ing current into a light intensity) and signal a motor to drive a
movable table (not shown), such as an X-Y table. The con-
troller may be proximate to fixture 110 or may be located in
another portion of the assembly process. Fixture 110, con-
nected to the movable table, may move fixture 110 in the
x-direction and/or the y-direction in order to properly align
component 140 with an aperture of the housing as previously
described. In other embodiments, light sensor 130 is coupled
directly to a motor configured to move a movable in response
to current readings by light sensor 130.
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FIG. 6 shows light sensor 130 reading a light intensity
corresponding fourth intensity 214 of light gradient 210
(shown in FIG. 5). In order to determine whether the portion
of light gradient 210 read by light sensor 130 is the highest
intensity of light gradient 210, the movable table actuates
fixture 110 to traverse along the y-direction to take further
readings. As shown in FIG. 7, light sensor 130 reads a light
intensity corresponding first intensity 211 of light gradient
210. While the controller may determine first intensity 211
has a greater intensity than that of fourth intensity 214, the
movable table may further actuate fixture 110 to traverse
along the y-direction to take further readings. As shown in
FIG. 8, light sensor 130 reads a light intensity corresponding
fourth intensity 214 of light gradient 210. At this point, the
controller may determine that fixture 110 is traversing along
the y-direction in a direction of decreasing light intensity, and
signal for the movable table to retract (or travel in the opposite
direction) to a position along the y-direction to the position
corresponding to the position in which light sensor 130 pre-
viously detected first intensity 211, as shown in FIG. 9. At this
point, the component 140 is aligned with the local maximum
of light intensity, and therefore, the aperture of the housing. A
similar process may be repeated in the x-direction in order to
further align component 140 with the local maximum. In
other embodiments, the alignment process may be pro-
grammed to run for a predetermined period of time (for
example, 1-5 seconds) and then actuate fixture 110 to a posi-
tion corresponding to the local maximum, or highest light
intensity, during the predetermined period.

FIG. 10 is a flow chart 300 which details an alignment
process. In a first step 302, the light sensor takes an initial
light intensity reading to determine the light intensity of the
light gradient at a given location. The initial reading may be
transmitted to a device such as a controller. Then in step 304,
the light source and the fixture traverse along a first direction
to take an additional reading of the light gradient. The first
direction could be the x-direction or the y-direction. Then in
step 306, the light sensor takes another reading. In step 308,
the controller may compare the initial reading to the subse-
quent reading. If the subsequent reading is higher than the
initial reading, as shown in step 310, the alignment process
may be repeated beginning at step 306. If, on the other hand,
at step 308 it is determined that the subsequent reading is less
than the initial reading, then in step 312, the light sensor and
the fixture traverse in the opposite direction of the first direc-
tion to a position corresponding the highest intensity reading
as determined by the light sensor. It should be understood that
the alignment process could include traversing in a second
direction that is substantially perpendicular to the first direc-
tion. For example, the alignment process could traverse in the
x-direction if the process has traversed in the y-direction.

Contrary to the white light previously described, laser light
is generally a focused light source of a single light intensity.
Referring again to FIG. 4, in embodiments where light source
190 is a laser light, light sensor 130 may generally act as a
switch. In other words, rather than detecting various light
intensities, light sensor 130 may switch to an “on” state when
the laser light is detected and switch to an “off” at all other
light intensities (for example, ambient light). As such, when
laser light passes through the central portion of aperture 103,
the controller may signal for fixture 110 to stop when light
sensor 130 detects the laser light. It should be understood that
the cross section of the laser light also generally represents the
“local maximum” of the laser light due to the characteristics
of the laser light.

FIG. 11 illustrates a top view of showing release layer 146
attached to component 140 on a first surface of release layer
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146, and release layer 146 attached to fixture 110 on a second
surface of release layer. Also, fixture 110 includes length 118.
Length 118 may be approximately in the range of 10 mm to
420 mm. Generally, length 118 is such that when fixture 110
is rotated around column 170 in a direction toward housing
101, component 140 is substantially parallel to housing 101
when component 140 is proximate to housing 101. Also, as
shown in FIG. 11, PSA 161 is applied a surface first portion
141 of component 140. When component 140 is properly
aligned with aperture 103, the amount of PSA 161 used to
attach component 140 with housing 101 is such that PSA 161
sufficient holds component 140 to housing 101 but does not
intrude into any portion of aperture 103.

Also, in some embodiments, several light sensors may be
positioned around the fixture. Each light sensor could trans-
mit a light intensity to a controller. The controller may use the
readings from the light sensors to calculate a local maximum
of the light, and actuate the fixture and component accord-
ingly. Also, although not shown, some embodiments may
include a light sensor external with respect to the housing of
the device and a light within the housing of the device. This
may be advantageous where the light sensor readings are
critical and any movement of the light sensor is undesirable.

Some embodiments may include a test in order to confirm
the component is properly attached to the housing. FIG. 12
illustrates an acoustical test to determine whether the com-
ponent is proper installed on the housing. The acoustical test
includes a microphone 410 on top surface 116 of fixture 110,
generally above chamber 120. The acoustical test also
includes a speaker (shown later) configured to emit sound into
chamber 120 through an aperture of housing 1001. In some
embodiments, the acoustical test is performed after the align-
ment process (previously described) and subsequent installa-
tion of the acoustical seal.

FIG. 12 further shows housing 1001 including first align-
ment block 102 and second alignment block 104, both of
which are configured to guide fixture 110 such that the com-
ponent is properly aligned with housing 1001. Fixture 110
may slide along a surface of first alignment block 102 and
second alignment block 104. In some embodiments, housing
1001 includes only a first alignment block 102. In other
embodiments, housing 1001 includes three or more align-
ment blocks. Still, in other embodiments, housing 1001 may
not have an alignment block (similar to housing 101 shown in
FIG. 1). First alignment block 102 and second alignment
block 104 may serve as a substitute to the alignment process
previously described. However, it should be understood that
in some embodiments alignment blocks may be used in con-
junction with the alignment process. Also, the acoustical test
may be initiated by switch 422 on fixture 110. Switch 422
may be electrically connected to microphone 410 and/or the
speaker. In some embodiments, switch 422 is electrically
connected to a controller (not shown). Also, switch 422 may
be further configured to set the PSA so the component may be
installed.

FIG. 13 illustrates a cross sectional view of a system for the
acoustical test which includes microphone 410 on fixture 110,
audio speaker 420 attached to an outer portion of housing
1001, and switch 422. Housing 1001 includes first alignment
block 102 to ensure component 140 is aligned with aperture
103 before installing component 140. Audio speaker 420 is
attached to housing 1001 such that audio speaker 420 trans-
mits a test sound (shown as sound wave 425) in a direction
through aperture 103, component 140, release layer 146, and
ultimately into chamber 120. As stated previously, mesh por-
tion 143 is made of material(s) which allow sound transmis-
sion to permeate through mesh portion 143. Audio speaker
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420 may be configured to transmit any sound from an audio
transmission device (not shown). Also, microphone 410 gen-
erally detects sound transmissions from any source that emits
sound. This may include, for example, ambient noise in a
device assembly plant. Also, both microphone 410 and audio
speaker 420 may be attached to a controller (not shown)
previously described.

It will be appreciated that release layer 146 is acoustically
sealed with fixture 110 a surface of release layer, and acous-
tically sealed to component 140 on another surface of release
layer 146. In some embodiments (not shown), component
140 may be directly attached to fixture 110 (that is, no release
layer 146). When component 140 is directly attached to fix-
ture 110, component 140 is acoustically sealed with fixture
110.

FIG. 13 also shows interface region 430. Interface region
430 is a portion in which component 140 engages housing
101, and extends around an outer perimeter of component
140. Generally, interface region 430 is a region most likely to
emit sound transmission from audio speaker 420 when com-
ponent is not acoustically sealed with housing 1001. To deter-
mine whether component 140 was properly installed, audio
speaker 420 emits a sound transmission (“test sound™). If
microphone 410 does not detect sound transmission from
audio speaker 420 through an interface region 430, compo-
nent 140 is acoustically sealed with housing 1001, and there-
fore properly installed. However, if microphone 410 detects
sound transmission from audio speaker 420 through interface
region 430, acoustical seal 140 is not acoustically sealed with
housing 101, and therefore improperly installed on housing
101. In the latter event, the controller may subsequently sig-
nal to another member of the assembly line to remove housing
1001 having an improperly installed component 140. As pre-
viously noted, this combined assembly and test step occurs
relatively early in the assembly process. Accordingly, when a
misaligned component 140 is detected, no further assembly to
housing 1001 is performed. This not only lowers cost associ-
ated with installing additional components on a device that
will ultimately not be sold, but also allows another device to
be assembled in place of the device having a misaligned
component 140.

In some embodiments, the controller may signal the audio
transmission device to transmit a sound through audio
speaker 420 in a predetermined frequency range in which
microphone 410 is configured to receive. Accordingly, micro-
phone 410 may ignore other ambient noises not within the
predetermined range. In other embodiments, the acoustical
test may include a second microphone (not shown) config-
ured to receive sound transmission from, for example, ambi-
ent noise, allowing the acoustical test to “ignore” ambient
noise. For example, the controller may receive transmission
from microphone 410 and the second microphone, reduce
each transmission into a mathematical computation, and sub-
tract sound transmission of the second microphone from
sound transmission from microphone 410. The controller
may then analyze the resultant sound transmission to deter-
mine whether microphone 410 received sound transmission
from audio speaker 420.

For the acoustical test to perform properly, microphone
410 should be capable of detecting sound transmission from
audio speaker 420, if at all, only through portions such as
interface region 430. It is essential, therefore, that audio
speaker 420 be properly secured to housing 101 such that
sound transmission from audio speaker 420 passes only
through aperture 103. Alternatively, it may be necessary to
acoustically block sound transmission from audio speaker
420 passing over top portion 109 (shown in FIG. 13) of
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housing 101. Also, although sounds wave 425 extend through
chamber 120, sound wave 425 do not extend through cavity
126 in a manner such that they may be detected by micro-
phone 410. Further, fixture 110 is made of material(s) such
that sound wave 425 generally do not pass through fixture
110.

Installation issues (corresponding to a failure event) of
component 140 may happen for several reasons. For example,
FIG. 14 illustrates component 140 having a slanted surface
145. In other words, slanted surface 145 is not substantially
parallel with the inner portion of housing 1001 where com-
ponent 140 is generally installed. This may be due to, for
example, a manufacturing flaw of component 140. Installa-
tion issues also include misalignment of a properly manufac-
tured component 140. In FIG. 15, for example, component
140 is installed on housing 101 (shown also in FIG. 1) at a
portion lower than that of a properly aligned component 140.
In particular, a lower edge of component 140 is lower than
aperture 103 of housing 101. In both cases, sound wave 425
may be permitted to extend through interface region 430 and
be detected by microphone 410. Also, installation issue may
also derive from improperly setting PSA on, for example, the
component 140. This may create gaps between the PSA and
component 140 thereby allowing sound wave 425 to pass
through interface region 430.

Other tests may be performed to ensure component 140 is
properly installed. For example, FIG. 16 illustrates a test
system using valve 450 connected to air line 460, and seal 470
configured to plug aperture 103. In some embodiments, valve
450 is a pneumatic valve. Also, in some embodiments, air line
460 may receive air through an air compressor, or an air
pump. In this test, air is supplied to chamber 120 of fixture
110 through air line 460 and valve 450. If air does not escape
through interface region 430, component 140 has been prop-
erly installed. However, if air escapes through interface
region 430, component 140 has been improperly installed.
Determining air escape may be performed by monitoring
pressure loss in chamber 120 or placing a structure near
interface region 430 configured to move when air from inter-
face region 430 contacts the structure. Manual means for
determine determining proper installation of component 140
may also be performed. For example, air passing through
interface region 430 may make a sound audible to an operator
thereby indicating to the operator that component 140 is
improperly installed. These air tests described herein may
also be a combined assembly and test step performed rela-
tively early in the manufacturing process.

FIG. 17 illustrates a flow chart 600 for assembling and
testing installment of a component. In step 602, the compo-
nent is aligned with the aperture of the housing. Of course,
this step is performed before installing the component. Align-
ment may be performed by the alignment process previously
described (using at least a light and at least a light sensor),
and/or using alignment blocks on the housing of the device.
Then, in step 604, the component is installed to the housing.
This may performed, for example, by rotating or swiveling a
fixture (lever) around a longitudinal axis of a column extend-
ing through the fixture. Then, in step 606, a test is performed
to determine if the component is properly installed on the
housing. Testing may include any test for installment previ-
ously described (for example, the acoustical test). If the test
indicates the component is not properly installed, in step 610,
the housing is removed from the assembly line. Then, in step
612, the discarded housing is replaced by a new housing on
the assembly line and the process is repeated at step 602. If,
however, the test indicates the component is properly
installed, then in step 614, the housing is moved to the next
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step of the assembly process. In step 616, the assembly pro-
cess is completed by installing the remaining components
necessary to make the device.

The foregoing description, for purposes of explanation,
used specific nomenclature to provide a thorough understand-
ing of the described embodiments. However, it will be appar-
ent to one skilled in the art that the specific details are not
required in order to practice the described embodiments.
Thus, the foregoing descriptions of the specific embodiments
described herein are presented for purposes of illustration and
description. They are not target to be exhaustive or to limit the
embodiments to the precise forms disclosed. It will be appar-
ent to one of ordinary skill in the art that many modifications
and variations are possible in view of the above teachings.

What is claimed is:

1. A method for aligning and installing a component with
an electronic device having a housing that includes a housing
aperture, the method comprising:

securing the component with a fixture, the component

comprising a component aperture;

providing, from a light source, light having a maximum

intensity that passes through the housing aperture and
the component aperture to a light sensor carried by the
fixture, the maximum intensity associated with a central
portion of the light;

actuating the fixture perpendicular with respect to the light

such that the light sensor detects the maximum intensity;
and

actuating the fixture toward the housing to secure the com-

ponent with the housing.

2. The method as recited in claim 1, wherein the light
source is external with respect to the housing.

3. The method as recited in claim 1, further comprising:

detecting, with the light sensor, a first intensity of the light

less than the maximum intensity at a first portion of the
light, the first portion different from the central portion;
detecting, with the light sensor, a second intensity of the
light less than the maximum intensity at a second portion
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of the light with the light sensor, the second portion
different from the central portion; and

determining the maximum intensity based on the first

intensity and the second intensity.

4. The method as recited in claim 1, wherein providing,
from the light source, the light comprises providing the light
that passes through a mesh portion of the component.

5. The method as recited in claim 1, wherein the fixture
includes a chamber defining an opening of the fixture.

6. The method as recited in claim 5, wherein the light
sensor is positioned within the chamber.

7. The method as recited in claim 5, wherein the opening of
the fixture is similar to the component aperture.

8. The method as recited in claim 1, wherein securing the
component with the housing comprises:

adhesively attaching the component to an interior region of

the housing such that the housing aperture is aligned
with the component aperture.

9. The method as recited in claim 8, further comprising,
subsequent to the adhesively attaching the component, per-
forming a test to determine an alignment of the component on
the housing.

10. The method as recited in claim 1, wherein actuating the
fixture comprises:

actuating the fixture in accordance with a first direction to

determine a first plurality of light intensities;
actuating the fixture in accordance with a second direction
to determine a second plurality of light intensities dif-
ferent from the first plurality of light intensities; and

determining the maximum intensities based on the first
plurality of intensities and the second plurality of inten-
sities.

11. The method as recited in claim 10, wherein the first
direction is perpendicular with respect to the second direc-
tion.

12. The method as recited in claim 10, wherein securing the
component with the housing comprises acoustically sealing
the component with the housing.
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